The most recent Report on Confidential Enquiries into Maternal Deaths in the UK has continued to highlight the relationship between maternal death and difficulty with tracheal intubation 1 . Because of the potentially serious consequences of failed tracheal intubation, considerable attention has focused on attempts to predict, at the preoperative assessment, patients in whom laryngoscopy and intubation will be difficult [2] [3] [4] [5] [6] [7] [8] . Only one of these studies 6 has dealt specifically with obstetric patients in whom the risk of difficult intubation is reported to be eight times greater than in the general surgical population 9 . One of the preoperative tests which should be undertaken by the anaesthetist is an assessment of head and neck mobility. In a recent large study in an obstetric population, Rocke and colleagues used the presence or absence of a short neck as a subjective indication of a likely reduction in atlanto-occipital extension 6 . More recently, Savva found that measurement of sternomental distance, a possible objective indicator of head and neck mobility, was the best of five preoperative tests 8 . Savva found that neither forward protrusion of the mandible nor interincisor gap were useful tests and also suggested that the modified Mallampati test and thyromental distance were neither sensitive nor specific enough for routine use, thus suggesting that sternomental distance should be used as the sole routine test. We were of the opinion however that it was most unlikely that a single test could be used. Nevertheless, and because few obstetric patients were included in the study of Savva, we decided to assess the value of sternomental distance as a sole predictor of difficult laryngoscopy in an obstetric population.
Patients and methods
Sternomental distance and subsequent direct laryngoscopy were recorded in a group of patients presenting for Caesarean section to the obstetric unit at Al Corniche Hospital, a regional obstetric, gynaecology and neonatal hospital. All anaesthesia staff participated after explanation of the study and the data collection form. The hospital undertakes approximately 9000 deliveries annually, and efforts were made to obtain data on as many patients as possible, including both emergency and elective cases. The study was conducted over an 8-month period from November 1, 1994 to June 30, 1995. For each patient the following data were recorded: age, weight, height and method of anaesthesia (general, spinal or extradural). In some cases the patient's weight and height were not available because of the emergency nature of admission.
Before anaesthesia, assessment was made of the airway. This included the ability of the patient to open her mouth, assessment of receding mandible or protruding upper teeth, and subjective assessment of head and neck extension. While a view of the oropharynx was undertaken the result was not documented as the purpose of the study was to assess sternomental distance as the sole predictor. During the course of the airway assessment, sternomental distance was measured as the straight distance between the upper border of the manubrium sterni and the bony point of the mentum with the head in full extension and the mouth closed. A ruler was used and the distance measured was approximated to the nearest 0.5 cm. Where there were two anaesthetists assigned to the patient, sternomental distance was measured by one while the other performed laryngoscopy and intubation without knowledge of the measurement. Where only one anaesthetist was assigned to the patient, sternomental distance was measured by an operating department assistant trained to measure the distance in the standardized manner; again the intubating anaesthetist was unaware of the measurement.
After preoperative assessment, the anaesthetist was given the freedom to decide, in consultation with the patient, whether or not the patient should receive general or regional anaesthesia. Because of primarily cultural preferences for not being awake during surgery, the majority of patients chose general anaesthesia. Patients were transferred to the operating room while in the left lateral position, and 30 ml of sodium citrate 0.3 mol litre 91 were administered orally before transfer to the operating table. All elective cases also received oral ranitidine 150 mg the night before and the morning of surgery. The majority of emergency cases were given either oral ranitidine 150 mg if first admitted to the labour ward or ranitidine 50 mg i.v. if time allowed. After 3 min of preoxygenation, anaesthesia was induced with either thiopentone or etomidate followed by suxamethonium. Cricoid pressure was applied gradually as the patient lost consciousness.
Immediately after rapid-sequence induction, assessment was made of the view at laryngoscopy, as described by Cormack and Lehane 10 . The classification was as follows: grade I:most of the glottis visible; grade II:only the posterior extremity of the glottis visible; grade III:no part of the glottis visible, only the epiglottis; grade IV:not even the epiglottis visible. The best laryngoscopic view was obtained using a curved Macintosh laryngoscopic blade, with all patients anaesthetized, fully paralysed and in the sniffing position. Intubation was attempted either after cessation of fasciculations or if there were no fasciculations, when the anaesthetist considered jaw relaxation to be adequate. Cricoid pressure was maintained until the trachea was intubated, the cuff inflated and correct tube placement verified.
STATISTICAL ANALYSIS
Patient data are presented as mean (SD). Body mass index (BMI) was determined from weight (kg)/ height 2 (m). Pearson's correlation coefficient or Student's unpaired t test was used to determine relationships between age, height, weight, BMI and either sternomental distance or laryngoscopic view. For analysis, laryngoscopic grade was grouped as "difficult" (grades III and IV) or "easy" (grades I and II). Student's unpaired t test was used to assess the significance of the difference in sternomental distance between the groups.
Subsequently, discriminant analysis was used to calculate the most accurate sternomental distance cut-off point for discriminating between the difficult and easy laryngoscopic groups. Sensitivity, specificity, positive and negative predictive values were calculated for this cut-off point (see table 1 for definitions). In addition, a receiver operator characteristic (ROC) curve was used to assess the predictive value of various cut-off points in the prediction of laryngoscopic grade. Logistic regression analysis was used to describe the association between laryngoscopic grade and sternomental distance and to predict the likelihood of a grade III or IV laryngoscopic view. Relative risk and 95% confidence intervals were calculated for the probability of grade III or IV specific cut-off points.
Results
During the study period of 8 months, 5520 mothers delivered in the obstetric unit at the hospital. Of these, 646 (11.7%) patients underwent either elective or emergency Caesarean section. Of the patients studied, 33 underwent operative delivery during either spinal or extradural anaesthesia; therefore, the general anaesthesia group comprised 613 patients and of these, data were collected from 523 patients, representing 85.3% of the obstetric surgical case load during the study period. The majority (73%) of these cases were emergencies. Mean age of the patients was 30.4 (range 15-50) yr, mean weight 78.2 (SD 16.05) kg and mean height 156 (6.47) cm. Mean BMI was 31.95 (5.73). There was no association between sternomental distance and age, weight, height or BMI Number of easy intubations corrected predicted Number of intubations predicted \to \be easy (Pearson's correlation coefficient, r:0.3). There was, however, a significant association between age and weight and difficult laryngoscopy (table 2) . Patients who had a reduced laryngoscopic view were older and heavier. There were no significant differences in age, weight, height or BMI between the group of patients undergoing general anaesthesia and the group undergoing Caesarean section under regional anaesthesia. No patient had regional anaesthesia solely because of an assessment by the anaesthetist that tracheal intubation would be extremely difficult. Mean sternomental distance was 14.28 (SD 1.50) cm (range 9-20 cm). Using discriminant analysis, a sternomental distance of 13.5 cm or less was calculated as the most accurate cut-off point for discriminating between difficult (grades III and IV) and easy laryngoscopy (grades I and II). There was a significant difference (P:0.0013) between mean sternomental distance for laryngoscopy grades I and II (14.3 (1.49) cm) and laryngoscopy grades III and IV (13.17 (1.54) cm). Sensitivity, specificity, positive and negative predictive values for the cut-off point of 13.5 cm and for each measured sternomental distance are shown in table 3. Figure 1 shows the ROC curve for the various sternomental distances. Figure 2 shows the relative risks and 95% confidence intervals for the probability of a grade III or IV laryngoscopy compared with grade I or II at specific cutoff points. For example, at a sternomental distance of 12 cm, experiencing a grade III or IV laryngoscopy was 5.6 times (95% CI 2-14) more likely than a Figure 1 Receiver operating curve (sensitivity vs 1 9 specificity) to assess the predictive value of the various cut-off points in the prediction of laryngoscopic grades III and IV. Sternomental distances are shown and a distance of 13.5 cm proved to be the best cut-off point. grade I or II. Figure 3 shows the probability of experiencing a grade III or IV laryngoscopy for each sternomental distance. Eighteen (3.5%) of the 523 patients had a grade III or IV view at laryngoscopy. Seventeen of the 18 patients had a grade III while one had a grade IV. Of the 17 who had a grade III view at laryngoscopy, the trachea in 13 was intubated without difficulty with or without the aid of a gum elastic bougie. Of the remaining four, two had the tube passed blindly without the use of a gum elastic bougie while in the other two a laryngeal mask was used because of the difficulty in passing the tracheal tube, even with the aid of a gum elastic bougie. In the grade IV patient, the tube went into the oesophagus after a blinded attempt at intubation. On recognition of oesophageal placement the tube was removed immediately. A laryngeal mask was then inserted but difficulty was experienced with ventilation. The patient was awakened and Caesarean section subsequently completed under spinal anaesthesia.
Discussion
Head extension is thought to be an important factor in determining the ease or difficulty of tracheal intubation 11 . However, several previous studies have made only subjective clinical assessments of reduced atlanto-occipital extension 3 6 . In the study of Bellhouse and Doré the anaesthetist viewed the patient from the side and estimated whether and to what extent there was any reduction in atlanto-occipital extension 3 . In the obstetric study of Rocke and colleagues, no objective assessment was made of reduced neck extension 6 , rather, subjective assessment was made on whether or not the patient had a short neck. It was then assumed that the finding of a short neck would be associated with reduced ability to extend the head on the atlanto-occipital joint and thus impede adequate view of the larynx. The presence of a short neck was not only found in nearly 15% of cases but was highly significantly associated with subsequent difficulty at tracheal intubation.
The predictive value of a short neck is somewhat controversial 3 . Bellhouse and Doré questioned the relationship between length of the upper neck and difficult intubation. In their study comparing an easy with a difficult intubation group, those with a longer neck were associated with greater difficulty. Yet paradoxically, within the difficult group the difficulty grade increased as the upper neck became shorter. They concluded that upper neck length, measured radiographically as the length of the four upper cervical vertebrae, should be regarded at best as controversial. Regardless, radiographic methods will always be impractical for routine screening and assessments of short neck remain subjective.
What is required is a quick, simple test of head and neck mobility. Most recently Savva, in a largely nonobstetric population, found sternomental distance to be the most sensitive (82.4%) and specific (88.6%) determinant of difficult intubation of a group of five tests which included a modified Mallampati test, thyromental distance, forward protrusion of the mandible and interincisor gap 8 . A sternomental distance of 12.5 cm or less was found to be the best predictor whereas in this study a distance of 13.5 cm provided the best balance between sensitivity and specificity. Reducing the sternomental distance cut-off point to 12.5 cm or less would result in greater specificity (87.3% vs 71.1%), a marginal improvement in the positive predictive value (11.1% vs 7.6%) but a significant reduction in sensitivity (44.4% vs 66.7%). In clinical practice this implies that by reducing the cut-off point to the same as Savva's criterion, a greater number of difficult laryngoscopies would be missed. The question arises as to which cut-off point from the two studies is the most appropriate. This can only be answered by future epidemiological studies on outcome where a defined test (e.g. sternomental distance at a specified distance) or series of tests are used and with outcome as either difficult laryngoscopy, intubation, or both.
In the study of Savva, four of 350 patients had laryngoscopy grades III or IV (1.14%) which is lower than the 3.5% prevalence in our study. Savva did not state how many of the four were obstetric patients and it is possible that increased weight gain associated with pregnancy resulted in a reduced ability to see the larynx 12 . This would be supported by our finding of an association between reduced laryngoscopic view and weight.
Comment should also be made on the one grade IV laryngoscopy case. Cormack and Lehane suggested that most of these cases would be associated with obvious anatomical pathology which would be easily recognized before operation 10 . Our grade IV case had no obvious pathology either before operation or at the postoperative examination. One possibility is that the laryngoscope blade was inserted too far thus completely obscuring the epiglottis and larynx. This may have been an explanation if the anaesthetist had been inexperienced but this was not the case. The most likely explanation is that the belief that all grade IV cases will have obvious pathology is erroneous.
There are several limitations to this study. First, we did not measure objectively other factors which could have contributed to the reduced laryngoscopic view. As stated, and because of the work of Savva showing sternomental distance to be the best predictor, we set out to determine if this could be reproduced in an obstetric population. A second criticism of the study is that we did not measure whether or not intubation was difficult. However, none of the grade I and II laryngoscopic views had a trachea which was difficult to intubate and most of the 16 grade III and IV cases were managed with ease with the aid of a bougie. Third, several different residents and faculties undertook laryngoscopy and it is possible that a uniform intubation position was not achieved. However, all staff participating in the study had a minimum of 2 yr experience of working solely in this obstetric hospital dealing with a case load where the primary method of provision of anaesthesia for Caesarean section is general anaesthesia. Some studies 13 have standardized the sniffing position by stabilizing the head in a commercial head and neck mould, but we felt that this would have been inappropriate for the obstetric patient.
It is clear that no simple test can be used alone. Measurement of sternomental distance will fail to predict some difficult laryngoscopies and also predict difficult laryngoscopy in a significant number of patients who have a trachea which is easy to intubate. This is not unexpected because on its own sternomental distance fails to take into account relative tongue and pharyngeal size, location of the larynx (mandibular space), overriding maxilla, enlarged incisors, decreased temporal-mandibular joint mobility and a narrow high arched palate. Nevertheless the results of this study confirm, albeit with a reduced predictability than Savva, that sternomental distance can be correlated with laryngoscopic view. We do not believe however that sternomental distance alone can be used as a predictive test, but our results suggest that such a measurement should be included as part of a series of preoperative airway examination tests which should also include view of the oropharynx and thyromental distance.
